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Clinically orchids or any other affection of the testes is uncommon 
in primary pneumonia or in pneumonia following either measles or 
influenza.  Osier and  McCrae  (1) make no mention of this condition 
as following pneumonia.  Equally rare  is  the  atrophy of  the  testis 
following recovery from the disease, hence any extensive or permanent 
injury would be unlikely. 
The only reference  in literature to changes  in the testis following  pneumonia is 
an article by Cordes (2) in which he tabulates the findings  in twenty cases of pri- 
mary pneumonia, in patients between the ages of 21 and 60 years.  No case was 
seen in which the spermatogonia were so badly damaged as to suggest that had 
the patient recovered there would have been no regeneration of these cells and 
restoration of function. 
Sixty cases were studied.  PneUmonia was  the cause of death in 
every instance, but in some cases it was the sole factor, while in others 
it was preceded by measles or epidemic  influenza.  The changes in 
the body directly due to measles and influenza are little known and 
hence  the  extent  of  their  influence in  the  present  study must be 
determined by  the indirect method of  comparing the picture  seen 
in primary pneumonia with that in pneumon/a following measles and 
influenza.  The presence of respiratory irritation and of lowered resis- 
tance to infection is well recognized and their importance in a  given 
case becomes manifest with the advent of pneumonia or the awaken- 
ing of some latent infection. 
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The bacteriology of the cases varied greatly.  The presence and the 
importance  of the hemolytic streptococcus in the first epidemic were 
generally recognized, but the part played by the Pfeiffer bacillus has 
been  the  subject  of  much  discussion.  Its  presence  was  frequently 
noted in the measles epidemic, but no special attention was given it 
other than to consider it a secondary invader.  It attracted attention 
during the influenza epidemic and the significance of its presence has 
been much studied. 
During these epidemics lobar pneumonia caused by the pneumococ- 
cus has been largely replaced by other forms.  A single organism was 
in  some  cases  the  apparent  cause of  the  pneumonia,  but  in  many 
instances  two or more of the pathogenic bacteria were associated, the 
variety of combinations contributing greatly to the complexity of the 
problem.  These  cases may be classified into  several groups  on  the 
basis  of  the  etiological  factors  involved:  (1)  primary  pneumonia-- 
pneumonia occurring during the measles epidemic and due to the same 
organisms, but not preceded by an attack of that disease;  (2)  pneu- 
monia following measles; (3) pneumonia following epidemic influenza. 
These have  been further  subdivided according  to  the  occurrence  of 
Streptococcus hcemolyticus, Bacillus influenzce, and the  pneumococcus, 
both alone and in combination. 
Complete tables of the findings in the cases, based on this grouping, 
have been made and are given below.  The bacteriological findings in 
these cases are more complete than is usually found.  Careful atten- 
tion was given to the examinations  and every effort was made to iso- 
late and identify all organisms present. 
With the development of the MacCallum stain (3), by which the Gram-nega- 
tive organisms may also be identified in sections, the influenza bacillus has been 
added to several of these cases in which it was not found at previous examinations. 
In spite of all care it is more than likely that the findings do not report all the 
organisms present. 
It was manifestly impossible to distinguish and study the effect of every organ- 
ism present; hence the three supposed to be the most important  were selected as 
the basis for comparison.  In regard to the general infection and the etiology of 
the principal lesions, MacCaUum (4, 5) has reached certain conclusions concern- 
ing the relative importance of the various organisms present in the different cases, 
and these have been followed in the present study. RALPH  G. MILLS  507 
The  subjects  were  all  soldiers  in  good  health,  recently  passed 
through the rigid examination for admission to the Army?  The ages 
varied from 18 to 40 years.  Presumably all individuals with any sort 
of chronic or debilitating  disease had  been excluded  from the  Army 
and  the  supposition  is  warranted  that  these  men  were  in  excellent 
health.  This  supposition  is  important  in  the  light  of  the  work  of 
Weichselbaum  andKyrle  (6)  who have described changes in the tes- 
tes in persons dying of chronic alcoholism, and  of others who mention 
the  effect of  tuberculosis,  syphilis,  liver  disease,  and  malignancy in 
causing somewhat similar lesions. 
Syphilis is always an uncertain factor, but the age of the men, the absence of 
postmortem luetic signs, the nature of the Army entrance examination, and the 
continued medical supervision make this disease of less importance in  this series 
than it would  be in almost any other that could be secured. 
Tuberculosis as an active process is almost negligible,  those individuals with 
any but the most latent lesions having been previously excluded.  Military train- 
ing would have tended to render quiescent any latent infection or to lead to the 
subsequent elimination of the individual as unfit.  In this series cavity formation 
was found in one case, but this was of such a nature that it had probably not been 
injurious for any considerable period of time.  Presumably the usual number of 
healed tubercles was encountered that occurs in autopsies on persons dying of 
other diseases and hence are not considered  to be of any importance in the pres- 
ent discussion.  It is reasonably safe also to eliminate from this discussion  any 
uncertainty referable to the possible insidious  influence of diabetes, liver and kid- 
ney alterations, and all other chronic diseases. 
The associated organisms were commonly staphylococcus and B. mucosus cap- 
sulatus.  Neither of these is supposed to have been operative to an extent suf- 
ficient to contribute much to the pathological picture because of the probability 
that they were secondary invaders shortly before or possibly after death. 
The length  of time  that  the  individuals  had  been in  the  hospital 
was variable.  The anatomical diagnosis indicates the degree to which 
other related conditions prolonged or complicated the original picture 
1 The material studied was obtained by Professor W. G. MacCaUum at Camps 
Sam Houston, Dodge, Dix, and Lee during the measles epidemic of 1917 and the 
influenza epidemic of 1918.  The numbers of the autopsies to which reference is 
made agree with  those  used  in  his  monograph published  by The  Rockefeller 
Institute for Medical Research (4) and in another to be published in the Johns 
Hopkins Hospital Reports, and are here repeated for convenience  in making cross- 
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of the pneumonia.  Unfortunately the number of days in the hospital 
in some cases does not include the length of time covered by the pri- 
mary disease.  In a given instance this fact can be surmised by com- 
parison  with  others  of  similar  pathological  picture.  Roughly  the 
severity of the injury corresponds directly with the duration of the 
pneumonia as closely as with any other single variable factor. 
General Description of the Testicular Injury in Pneumonia. 
Study of the data presented fails to reveal any special change char- 
acterisfic of pneumonia that is produced by a  particular organism or 
that  follows  any  antecedent  infectious  disease  or  sequel  thereto. 
Essentially the spermatogenefic function is inhibited and the sperma- 
togonia cease their mitotic activity.  They apparently become qui- 
escent while the spermatocytes and other derived cells continue for a 
time under the influence of the mitotic activation received.  This 
activity is  only temporary, for  definite signs of  degeneration soon 
appear. 
At the same time that nuclear and protoplasmic changes are occur- 
ring in the derived cells, the protoplasm of the Sertoli cells is under- 
going transformation.  It begins to break up, loosening the cells held 
in its  syncytium-like meshes with  the result  that  desquamation is 
very  extensive.  Some  cells  still  remain  attached  by  protoplasmic 
threads, and the free edge of the germinal epithelium appears ragged 
and frayed.  The clusters of spermatids about the Sertoli cells are 
broken up so that imperfectly formed spermatozoa are added to the 
collection of cellular debris.  Fragmentation of the epithelium and 
disintegration of all  dislodged cells proceed fairly rapidly until the 
tubule is reduced to a condition similar to that found in childhood and 
cryptorchidism, in  which only the spermatogonia and  Sertoli  cells 
remain  (Fig.  1).  In a  few instances  the  spermatogonia also  were 
caused to disappear, leaving the Sertoll cells alone.  Further  stages 
of cellular reduction are not seen without concomitant change in the 
basement membrane. 
Alteration of the basement membrane may begin quite early in the 
process.  Invariably this involves the inner hyaline layer which in- 
creases in thickness, and as this occurs and as the tubules shrink, per- RALPrI ~.  roLLS  509 
haps from loss of cells, it is thrown into folds which more or less dis- 
turb  the  relation  of  the  spermatogonia  to  the  wall.  A  moderate 
amount of thickening of the hyaline layer, perhaps  up  to  three or 
four times its original thickness, may accompany cellular changes of 
the severity mentioned in the preceding paragraph, but more exten- 
sive changes have been seen only with greater reduction in the cel- 
lular elements. 
The  Sertoli cells usually show no evidence of marked alteration. 
The nuclei are frequently wrinkled or shrunken to a triangular shape, 
and a nucleolus can usually be distinguished.  They occupy the second 
row in  the germinal epithelial layer and  assume a  palisade arrange- 
ment  as  the  rows  of  cells  on  either  side  disappear  (Fig.  2).  The 
protoplasm has the appearance of a fine interlacing network after all 
the cells are gone.  An  unusual  form  of protoplasmic  alteration  is 
illustrated by Figs.  3  and 4. 
Spermatogonia present as a  rule a  uniformly normal appearance. 
In the extreme cases the nuclei are darker, more dense, and may be 
either larger or smaller.  Occasionally a  chromatolyzed nucleus can 
be seen and  vacant  spaces  here and  there  may indicate  complete 
destruction.  Plication of the hyaline basement membrane frequently 
disarranges the uniformity of their distribution. 
The  spermatocytes by reason of their size,  number,  and  general 
prominence exhibit distinct signs of injury.  The coiled and interlac- 
ing chromatin threads tend to become granular and to break up into 
coarse darkly stained fragments.  These have a tendency to fuse but 
gradually deteriorate, lose their deep color, and soon appear as mere 
dusters of granules, perhaps for a time presenting a crescentic appear- 
ance,  but  eventually disappearing  entirely.  These  cells  are  often 
too deeply buried in the epithelial wall to break loose or to form any 
considerable part of the  central  mass  of  cellular  debris.  They are 
almost invariably decreased and in some instances completely absent, 
affording convincing evidence that the supply  of new cells  was  cut 
off and that those already formed are in the process of dissolution. 
Spermatids are seen in about half the sections, but are not present 
in half the tubules of any one section.  All are loosened and evidently 
undergoing degeneration.  There have been swelling  and  fusion  of 
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masses which are partly clinging to the walls and partly mingled with 
other loosened cells. 
The spermatozoa are quite resistant and are relatively slow in dis- 
appearing.  In most instances the head has retained its characteristic 
shape but no tails are to be seen.  They are usually widely scattered 
and have not retained the normal relation to the Sertoli cells as seen 
during the period of their development. 
The desquamated cells present the widest variety of forms.  Figs. 
5  and 6  give a  better idea of this than can be gained from detailed 
descriptions.  The size of many of these cells is surprising,  and the 
presence of more than one pycnotic nucleus in many of them suggests 
an incomplete separation of the protoplasm, or else the assumption of 
a globular form by multinucleate portions of the epithelial wall.  The 
nuclei  correspond  in  size and shape to spermatids in most instances. 
Giant cells which frequently occur here will be described more fully 
later.  Although  larger  nuclei may represent  incompletely divided 
ones,  various forms of caryorrhexis are seen, some involving nuclei 
larger than any still attached to the wall.  The fact that these proc- 
esses begin while the cells form a part  of the epithelium is shown in 
the drawings.  The protoplasm of all these cells is practically homo- 
geneous, contains occasional vacuoles, and has an increased aifinity for 
eosin.  Hyaline globules taking a  fainter red stain make up a  small 
part of this mass,  and their origin in the wall  is  shown  in  Fig.  5. 
They occur normally to about the same extent. 
The epithelial layer as a  whole is occasionally loosened  from  the 
basement membrane, but in the absence of  definite evidence to  the 
contrary this condition is regarded as an artifact.  The focal nature of 
the process is strongly suggested in many sections by the varying in- 
tensity of the injury to the tubules, thus corresponding to the action 
of infections upon other organs. 
Slight changes in the basement membrane may be due in some cases 
to apparent thickening which follows an attempt to conform to a tubule 
of diminished size.  More extensive alteration than this is observed 
in some instances. 
The interstitial tissue is subject to considerable variation, some sec- 
tions showing no increase while others are fibrosed quite irregularly. 
Occasional areas of round cell infiltration are to be seen about the 
smaller blood vessels. RALPH  G.  MILLS  511 
The cells of Leydig are generally unchanged, but in some instances 
they appear to be slightly in.creased.  Such a  change might be ex- 
pected in association with destruction of tubules, but no mitotic fig- 
ures are to be seen and constructive tissue activity in the presence of 
a fatal infection is most unlikely.  If present the increase  must be 
attributed to previous activity. 
In the older, more advanced stages the hyaline membrane continues 
to increase in thickness with a corresponding decrease in the epithelial 
cells.  A  few fibroblasts appear on the inner edge of the membrane 
and persist until all the Sertoli cells have disappeared.  The tubule 
is now less than half its original size, its lumen is obliterated, and its 
walls are represented by wavy acellular hyaline material.  The size 
is further diminished and the hyaline material gradually merges with 
the invading fibroblasts until the tubule is completely lost in the ir- 
regular bands of connective tissue that traverse the testes and charac- 
terize  the  condition  called fibrous orchitis.  The last  traces  of the 
tubules are indicated by the suggestive arrangement of the fibroblast 
nuclei  in  the  periphery,  but  eventually  these  too  become  indis- 
tinguishable. 
There is no reason to think that any particular part of the process 
is peculiar to pneumonia or definitely assignable to it.  On the con- 
trary, there is every reason to believe that the testicular change found 
at the death of a pneumonia patient depends chiefly upon the time that 
the disease has been operative as measured by the number of days in 
the hospital.  Other factors doubtless influence the picture, such as 
the intensity of the infection, the predominance of certain organisms, 
etc., but unquestionably the most potent factor is the length of the 
illness. 
In the tables the cases have been so grouped that Table I includes 
the  cases of primary pneumonia that had  no  antecedent infectious 
disease, while Tables II and III describe those following measles and 
epidemic influenza. 
Cases  of Pneumonia  in  Which  Streptococcus  hcemolyticus Occurs. 
Primary Infections  (Table I, A).--There  are  eleven cases  in  this 
series, in which the hemolytic streptococcus alone was found in eight, 
and associated with other  organisms  in  three.  The  lobar  type of •  ~uo.tsoI .tapIo 
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lung involvement was found in two cases  and  five  had  interstitial 
bronchopneumonia, while nearly all had empyema or  some  compli- 
cation of an infectious nature. 
The men were not debilitated by antecedent disease and hence the 
course of the pneumonia was longer.  If the pneumonia is more im- 
portant in the causation of the testicular changes than an antecedent 
disease, then these cases of primary infections should show more ex- 
tensive lesions.  It is fair to assume that a septicemia of severe grade 
and perhaps long duration has been present in all the cases, and in 
this event the organisms have had abundant opportunity to affect the 
different parts of the body in an injurious way.  That this was true 
is  evident from the extent to which the testes were injured.  The 
Sertoli cells, which have been found to be the most resistant of all 
the cells in other forms of testicular lesions, suffered evident injury 
in two cases, and the derived cells were absent in all but three.  These 
instances of extensive and fundamental injury were well distributed 
over the four subgroups divided according to the presence and kind of 
associated organisms, and the impression is therefore gained that the 
presence of other organisms is of no special significance as determin- 
ing at least this part of the pathology of primary pneumonia. 
The spermatogonia were injured and decreased in the same cases 
in which the Sertoli cells suffered.  Spermatozoa were absent in every 
case but two, and in these they were represented by mere traces.  In 
no instance were they normal in structure, but represented the last 
stages before complete removal.  In one of these cases, No. 193, the 
section of the seminal vesicle shows that these bodies had been active 
there until shortly before death. 
The microscopic picture presented by the sections was most varied. 
Nearly all the types of lesions were represented by at least one case, 
and three was the largest number of instances in which a single type 
occurred.  Acute lesions were  found in  eight  cases,  and  the  more 
chronic or older lesions occurred in  four.  This is  to  be  correlated 
with the fact that very old lesions occur in four instances, that the 
interstitial tissue is definitely increased in nine, and that two of these 
have areas of round cell infiltration. 
It is perhaps significant to note that ten out of the eleven had deft- 
nite changes in the thickness and character of the basement membrane. ~l,  rr  G.  mzzs  515 
This has been found to indicate quite clearly the amount of funda- 
mental injury done  and  to  be  one of  the essential features of  the 
lesions  associated  with  complete  atrophy,  hyalinosis,  and  gradual 
obliteration  of  the  tubules.  It  is  reasonable, therefore, to assume 
that its initial stages are of some significance, inasmuch as there is 
no reason to suppose that hyaline changes once begun can be removed 
with complete restitution of functional integrity. 
Streptococcus hcemolyticus Infections  Following Measles (Table II, 
A).--The length of hospital treatment as compared with that in the 
previous table does not seem to be greater, in spite of the known ante- 
cedent disease.  In the series of eighteen cases only three had lobar 
involvement, in two of which the pneumococcus was associated; six 
had various forms of lobular consolidation, and twelve had the form 
known as interstitial bronchopneumonia.  The last finding is the more 
surprising in view of the conclusion based upon histological grounds 
that this represents a tissue-resistant type of disease and the fact that 
measles has the ability to lower greatly the resistance of the body. 
This may be the explanation of the relatively shorter period of ill- 
ness, in that the terminal lung infection caused the death of the patient 
much more quickly when the body resistance had been previously re- 
duced.  If this explanation is true, then the shorter exposure to the 
effects  of  the  streptococcus would have  resulted in  less  extensive 
changes in the tubule epithelium.  This may be borne out by the fact 
that only one section showed evidence of injury to the Sertoll cells 
and two to the spermatogouia.  The acute nature of the injury op- 
erating over a short period of time is expressed in the finding that all 
the sections but two contained varying numbers of loose cells in the 
lumen of the tubules and that there had not been time enough after 
the injury for them to be completely removed. 
On the other hand, the action of the measles in inhibiting the pro- 
duction of spermatozoa is indicated by the  fact  that  they were  ab- 
sent in every section except one.  The interpretation of the series is 
that an influence inhibiting spermatogenesis to a moderate degree had 
been  operative  during  a  sufficient period  for  spermatozoa  already 
formed to be removed, and that a  more acute injurious process had 
supervened, loosening many of the remaining cells and causing death 
before they too could be removed.  The lesions were diversified, the •  ~ao!ra  I  a~PlO 
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type in Fig. 6 being found in six sections.  The chronic types of lesions 
appeared in seven cases, while evidence of acute change was seen in 
sixteen.  Very old lesions were seen in  eight  slides,  and  those  of  a 
doubtful  character  in  still  another.  Interstitial  tissue  increase  af- 
fected  all  but four  cases.  Moreover,  the  basement  membrane  was 
thickened  in  all  except  four.  Round  cell  infiltration  appeared  in 
three cases and the so called edema in nine. 
No obvious difference can be made out between the cases in which 
the streptococcus occurred alone and those in which it was associated 
with one or more pathogenic forms. 
Streptococcus hcemolyticus Infections  Following Epidemic  Influenza 
(Table III,  A).--The  type  of  lung  lesion  is  still  different  in  these 
cases,  there being no lobar consolidations,  and only two cases of in- 
terstitial  bronchopneumonia.  The  remaining  three  were  diagnosed 
confluent bronchopneumonia, a type of lung lesion supposed to be low 
in  the  scale  of  resistance.  Pleurisy  accompanied  nearly  all  these 
cases and empyema was completely absent.  The pneumonia was the 
terminal condition in every instance, and nothing of a more prolonging 
nature  occurred as a  complication or sequel.  The  period  of  illness 
incident to the influenza was as usual short,  and the pneumonia fol- 
lowing was also of short duration.  As a result the stay in the hospital 
was from  10  to 24 days, averaging  a  much shorter  time than  in the 
two preceding  series.  Subdivision  of  these  cases  gives  a  definitely 
longer period of illness for those having interstitial  pneumonia  than 
those with the confluent type. 
The microscopic findings correspond closely with this picture.  The 
Sertoli  cells  and  spermatogonia  have  been  apparently  uninjured. 
The  spermatocytes  and  spermatids  have  been much  reduced  in all 
cases but not completely removed in any, and the spermatozoa are still 
present in three out of five.  Loosened cells occur in all, and the base- 
ment membrane has been thickened  only in the  case that  lived the 
longest.  The whole picture indicates clearly that the preceding influ- 
enza  had  little  effect in  the  inhibition  of  spermatogenesis,  possibly 
because of the short time in which it could manifest itself and because 
the pneumonia  that followed was so fulminant in character  that  the 
patient died before the cells of the tubules were more than loosened 
from their  attachments. RALPH  G.  MILLS  521 
Cases of Pneumonia in Which Bacillus influenz~e Occurs. 
Primary Infections (Table I, B.)--These cases developed during the 
measles epidemic, but so far as could be learned they had not had that 
disease.  There were no instances in which the organism occurred alone, 
and those in which the streptococcus was found have been previously 
described.  In three of the four cases the lobar type of lung involve- 
ment was found,  and  one had  interstitial  bronchopneumonia.  The 
two cases in which the pneumococcus was also found are apparently 
more  severely  injured  than  that  associated with  the streptococcus; 
however, the case affected by all three organisms manifested the least 
injury.  There  was  a  definite  lack  of uniformity  about  the  picture 
presented  by this  group,  suggesting  that  although  it  belonged  to  a 
supposedly primary infection,  the associated organisms were perhaps 
mor  e potent than the one in common.  This fact suggests that Bacillus 
influenzce is not of importance as a cause of testicular change. 
Bacillus  influenzce Infections  Following  Measles  (Table  II,  B).-- 
There  were no cases in which Bacillus  influenz~e was found alone or 
associated with the pneumococcus.  The entire five cases were asso- 
ciated with the streptococcus alone or with the latter and  the pneu- 
mococcus.  The conclusion is therefore readily drawn that the strep- 
tococcus is  the  dominant  organism,  and  a  discussion  of  its  effects 
here would be unwarranted. 
Bacillus influenzce Following Epidemic Influenza  (Table  III, B).-- 
Three  cases are reported in which this organism  occurred alone,  one 
with  the  streptococcus, nine  with  the  pneumococcus,  and  two  with 
both.  The  cases with the streptococcus or without other organisms 
were usually of the interstitial bronchial type, while those in which the 
pneumococcus was found were largely of the confluent lobular variety. 
One  case had  also  small tuberculous cavities.  Prolonging complica- 
tions were absent and the longest period of illness was 24 days.  Pos- 
sibly the shortness of the time  has  influenced the relative uniformity 
of the picture inasmuch as the various groups have no observable dif- 
ferences.  The spermatogonia and Sertoli cells were not obviously af- 
fected in any case.  The interstitial tissue of the sections was increased 
in  two.  Perhaps  this  was  just  a  coincidence,  as it is hard  to  un- 
derstand how an acute infection could have produced such a  result. 
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Cases of Pneumonia in Which the Pneumococcus  Occurs. 
The cases of pneumonia as they occurred among the civil population 
under pre-war conditions have been considered to be caused chiefly by 
the pneumococcus.  Occasional mention of Streptococcus haemolyticus, 
and more rarely  of. the influenza bacillus,  has  been  made,  but  on 
bacteriological and  serological grounds the pneumococcus has been 
regarded as the chief etiological factor.  Doubtless the attention that 
has been given the other forms during the present epidemics will serve 
to emphasize their importance and lead to their recognition  in the future 
in a larger percentage of cases.  It remains to be seen how lolxg they 
will retain their activity in the causation of pneumonia after camp con- 
centration has ceased, and a satisfactory determination of this point 
will enable one to review these cases and to pass more mature judgment 
than is now possible.  The impression seems to be that the original 
importance of the pneumococcus  in the production of pneumonia was, 
at least during the measles epidemic, superseded by Bacillus influenz~e 
or Streptococcus h~emolyticus or both these organisms.  The cases de- 
scribed by Cordes were doubtless similar to other pre-war cases and 
were not even comparable from an etiological standpoint with any 
of the present series of cases.  The latter, it must be remembered, were 
probably caused by the same organisms that produced the pneumonia 
directly following the epidemic diseases, and were perhaps more viru- 
lent  than  usual,  an  idea  strongly supported by  the  extraordinary 
incidence of pneumonia at that time. 
Primary Infections  (Table I, C).--Six  cases  are  collected and in all 
the lobar type of consolidation was  found.  Several  had  complica- 
tions such as empyema, peritonitis, and pericarditis, but most of them 
terminated after short periods of illness.  Two cases were found at 
the beginning of the measles epidemic, in which the pneumococcus oc- 
curred alone, all the later ones being complicated by the presence of 
the streptococcus and the influenza bacillus. 
The type of pneumococcus was not uniform, all the types being 
represented in about the same proportions. 
The pathological picture of the cases with only the pneumococcus 
present was relatively simple and uniform.  Spermatogenesis was not 
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spermatozoa and only a moderate degree of reduction in the derived 
cells.  The basement membrane was only slightly hyaHnized and the 
interstitial  tissue  was  slightly increased.  All but  one  of  these  six 
cases had thickened basement membranes and in nearly all the inter- 
stitial tissue was increased.  The one without changes in the basement 
membrane or increase in the interstitial tissue had a  pronounced sepa- 
ration of the tubules which has been described as edema. 
Pneumococcus Infections  Following Measles (Table IT,  C).--There 
were no  cases in which this  occurred alone or in  conjunction with 
Bacillus influenzce.  The three cases enumerated were all  associated 
with the streptococcus, alone or in conjunction with Bacillus influenue. 
The importance of the streptococcus in this group of postmeasles cases 
is emphasized by the relative unimportance of the pneumococcus and 
the influenza bacillus.  The details of the picture have been sufficiently 
discussed above. 
Pneumococcus Infections Following Epidemic Influenza  (Table III, 
C).--The influence of.the pneumococcus seems to be relatively greater 
in this series than it was in those preceding.  There were ten cases 
in which this was the only organism found, one in which it was as- 
sociated with the streptococcus, nine with Bacillus influenz~e; and two 
with both.  Those with a single infection were uniform in the general 
disease picture, having simply confluent lobular pneumonia and pleu- 
risy.  In the other groups in which other organisms perhaps played 
a  part the same general features were repeated with little variation. 
The Sertoli cells and spermatogonia were unaffected, and only mod- 
erate degrees of injury to the derived cells were seen.  Spermatozoa 
were still present in all  but seven cases, and spermatids persisted in 
all but five.  The types of lesion in almost every instance corresponded 
to those in Fig. 5. 
DISCUSSION. 
Presumably there exists a period following the onset of an infection, 
if this is rather sudden and acute, in which the testes show little evi- 
dence of injury.  Somewhat analogous conditions are found in early 
death from mercuric chloride poisoning in which the kidneys have had 
little time to give visible evidence of the chemical injury done.  Such 
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hence this prereacfionary stage is not represented in the series.  From 
febrile changes  in  other  organs  it  would  seem that  these  morpho- 
logical alterations  should  begin  to  appear  rather  early  and  hence 
would be well under way within the period of an ordinary pneumonia. 
The separation of the cells in the epithelial wall somewhere central 
to the row of Sertoli cell nuclei, which is an occasional finding, causes 
a  loosening of the spermatids and of some of the spermatocytes.  If 
the Sertoli cells receive nourishment from the cells of Leydig, as is 
commonly believed,  it  is  reasonable  to  suppose  that  protoplasmic 
changes might early affect the nutrition of the derived cells.  Hanes 
(7)  believes that one function of the Sertoll cells is to supply fat to 
the developing sperm cells, and hence it may be assumed that any 
interruption of this process would lead to fragmentation of the pro- 
toplasm with loosening of these cells. 
If, on the other hand, the toxic action is slower and more continu- 
ous,  the same result would appear in a  more insidious and gradual 
manner.  This is really more nearly according to facts, in that a  fra- 
gility exists which leads to breaks in the continuity. 
It is conceivable that mitotic activity of sperm cells would be in- 
hibited in much the same way that other functions of epithelium are 
reduced in fevers; for example, the secretion of the sebaceous glands. 
These would naturally resume activity if recovery from the initial 
disease resulted, but in fatal cases would show no tendency toward 
restoration. 
However, inhibition of spermatogenesis is not always a pathological 
process.  Investigations of Hansemann (8)  on hibernating and wak- 
ing marmots show that this change occurs normally and that restora- 
tion consists of the formation of a new supply of derived cells by mul- 
tiplication of the spermatogonia that have been for a time quiescent. 
Grandis (9) found that spermatogenesis ceased in fasting doves after 
a few days; the spermatozoa already formed  were speedily removed and 
most of the cells in the tubules died.  The detritus appeared to be 
diverted for the nourishment of the bird but the spermatogonia per- 
sisted and formed new elements after the hunger was relieved.  There 
is no reason, therefore, for regarding the mere death and removal of 
the derived cells as unusual, when we consider the metabolic drain im- 
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the spermatogonia and perhaps changes in the  supporting  framework 
are, however, matters of special concern.  The method by which the 
damage is accomplished and  the variations  in  the appearance  of the 
products of degeneration  are worthy of study as  possible indices  of 
the cause of the injury and a measure of its power. 
Theoretically if the infection is responsible for the testicular injury, 
the greatest degree of alteration would be shown in the lists of cases 
in which that agent was the common factor.  Variations might occur 
in the severity in proportion to the virulence of the associated organ- 
isms or prominence  of other pathological conditions.  Uniformity of 
results in any one table, then, would strongly suggest the paramount 
potency of the one or two common factors. 
However, to differentiate  the  true  lesions of pneumonia  from  the 
changes in the testes properly attributable to autolysis and  postmor- 
tem alteration is not always easy.  Most of the autopsies in this series 
were done shortly after death in order to secure cultures of organisms 
as free as possible from contaminations.  It is therefore unlikely that 
more than 3 or 4 hours elapsed before the tissues were placed in fixing 
fluid. 
The suggestion has been made that the separation of the epithelium 
from the basement membrane and the consolidation of the former in 
the interior with loss of lumen are not a  technical  fault, but evidence 
of a  serious injury that leads to atrophy.  Such distortions are com- 
mon  in  various  poorly fixed  or  greatly  shrunken  tissues  and  hence 
such an interpretation here would not be unwarranted.  On the other 
hand,  in sections in which  there has been little or no cellular decrease 
and  those  from  accident  cases in which infection  and  other morbid 
influences  had  little  time  to  act,  this  condition  was  absent.  Very 
rarely are healthy spermatozoa and skrunken tubules found in the same 
section. 
A  condition  resembling edema has been portrayed in Figs. 7 and 8, 
and has been described before.  Councilman,  Magrath, and Brincker- 
hoff (10) mention an edema of the interstitial tissue in smallpox in re- 
lation  to  similar  epithelial  changes in  the  testes.  In pneumonia  an 
acute alteration  in the  tubules,  often indicated by the coexistence of 
a  definite shrinking  of the epithelial masses and  a  rarefaction  of the 
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as  edema.  This  coincidence exaggerates  the  epithelial  change  and 
is  quite  striking.  In  these  spaces,  however, granules of  coagulated 
protein are usually lacking. 
The interstitial tissue is also subject to increase in  density.  This 
may be a  diffuse process or may take the form of irregular bands of 
connective tissue, more or less associated with hyalinized tubules.  The 
blood  vessels  are  thickened in  some instances.  Weichselbanm  and 
Kyrle consider that the desquamation of cells is a part of the patho- 
logical picture, whereas  Cordes believes it to be a  postmortem phe- 
nomenon.  This series of cases points definitely to the correctness of 
the former statement.  It seems clear that the number of desquamated 
cells progressively decreases after  the initial injury,  and that,  other 
things being equal, the number of loosened or injured cells remaining 
is an index of the length of this period. 
The presence of giant ceils is one of the structural features that call 
attention  to  the  abnormality  of  the  process.  They  have  been  de- 
scribed before in a variety of testicular lesions, but until recently no 
explanation of their origin was offered.  Weller (I I) apparently correctly 
considers them to be the result of attempts at cell division in which 
the separation of the protoplasm is delayed.  The nuclei are usually 
peripherally arranged and may surround a  vacuole.  The size of the 
nuclei is  variable,  some  corresponding  to  those  of  spermatids  and 
others being somewhat smaller.  The nuclei number from two to six 
or  more and  correspond  structurally  with  the  spermatids  in which 
pycnosis has taken place. 
The point of formation is definitely shown in Fig.  5,  in which  a 
fully developed giant cell is still attached in the zone of the sperma- 
rids.  It is hardly likely  that further development takes place after 
desquamation.  No mitotic figures have been seen in them and no evi- 
dence of phagocytosis.  ;]?he protoplasm stains uniformly but heavily 
with eosin, and the cell aggregate has assumed a circular form, doubt- 
less as a  result of cohesive force.  The number of these giant cells is 
variable.  They are most numerous where the amount of desquamated 
material is greatest, but rapidly diminish as the other cells disappear, 
being among the first to go.  They are more abundant in the simplest 
cases of postinfluenzal pneumonia where the number of desquamated 
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SUMMARY. 
The testicular changes in pneumonia are without clinical manifes- 
tations, are non-specific, focal in character, independent of the infecting 
organisms or the  antecedent disease,  and vary in severity directly 
with the total length of the illness.  The process is a continuous one, 
.divisible into stages in which the following features are recognizable: 
(1) cessation of spermatogenesis; (2) degeneration of preformed sper- 
matocytes, spermafids, and spermatozoa;  (3) desquamation of altered 
~ells and fragments of the same; (4) formation of giant cells in the tu- 
bule walls with subsequent liberation into the lumen; (5) disappearance 
of all desquamated cells and all those derived from the spermatogonia 
by mitosis;  (6)  in some instances thickening of the hyaline layer of 
the basement membrane. 
Older lesions are frequently found which continue the structural 
alteration of the tubules by hyalinosis and destruction of cells until 
they ultimately disappear.  These lesions are not believed to be con- 
nected with the present illness. 
Edema may represent the acute injury in another form, and round 
,cell infiltration suggests that possibly other factors than toxins may 
have a part in the tissue alterations. 
In the absence of definite evidence to  the contrary, the cause is 
assumed to be circulating toxins, as Wolbach (12) claims for influenzal 
cases. 
The hemolytic streptococcus produced more extensive changes, both 
epithelial and interstitial, in primary pneumonia occurring during the 
:measles epidemic than when pneumonia followed as a secondary infec- 
tion; in the latter cases the pulmonary complications covered a rela- 
tively  shorter  period.  Measles  and  epidemic  influenza had  little 
apparent  effect  upon  the  testes,  except  that  the  former  caused 
mild inhibition of spermatogenesis;  evidence regarding the  latter is 
inconclusive. 
The Pfeiffer bacillus was always associated with other organisms, 
in primary infections  and in those  following measles.  It  occurred 
alone in a few cases after epidemic influenza, but the tesficular lesion 
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The  pneumococcus when  alone in primary infections or  after  an 
epidemic  disease produced  a  uniformly mild picture  which was  not 
intensified when associated with the influenza bacillus. 
Giant cells were  much  more  frequent  after influenzal pneumonia 
regardless  of  its  cause  and  were  associated  with large numbers  of 
other  desquamated  cells.  They are formed in the walls of  tubules 
by futile mitotic effort and incomplete  protoplasmic  separation, the 
abnormality of  the  process  being  further  suggested  by  the  early 
severing of cytoplasmic attachments and rapid desquamation. 
The  series is unique in its uniformity, in  the  care exercised in the 
bacteriological examinations, and in the relative freedom from com- 
plicating factors. 
The author is under deep obligation to Professor W. G. MacCallum 
for material and cordial cooperation. 
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EXPLANATION OF PLATES. 
The illustrations were drawn with a camera lucida at a magnification of 500 
diameters.  The cells are therefore  comparable in size, but for convenience the 
smallest tubule that would show the lesion was selected3 
2 The helpful suggestions of Professor Max Br6del are greatly appreciated. RALPH  G.  MILLS  529 
PLATE 45. 
FIG. 1.  Case 165.  A quiescent stage in which only spermatogonia and Sertoli 
cells remain.  The protoplasm of the latter is merely a  fine network,  some  of 
the holes in which represent the places from  which  the  derived cells have been 
removed. 
FIC.  2.  Case  216.  Further  reduction  with  persistence  of Sertoli cells only. 
Shrinkage of the wall probably due to faulty technique. 
PLATE 46. 
FIG. 3.  Case 216.  A special form of protoplasmic change in which large deep 
red granules obscure all traces of cellular structure.  Note the relation to adjacent 
protoplasm suggesting infiltration or expansion and lack of continuity with neigh- 
boring cells. 
PLATE 47. 
FIG. 4. Case 216.  A  more advanced stage of the process shown in Fig. 3. 
The nuclei are not materially affected  and apparently belong to Sertoli  cells. 
An unaffected tubule is shown in the upper left corner and the mass  of con- 
nective tissue  on the right is part of a heavy band containing remnants of de- 
stroyed tubules, suggesting that this process is definitely destructive. 
PLATE 48. 
FIG. 5.  Case 227.  A  common picture in postinfluenzal cases.  Large num- 
bers of desquamated ceils including giant cells, hyaline bodies, and spermatozoa. 
Cells with deep red homogeneous protoplasm are breaking away from the free mar- 
gin and one giant cell is still embedded in the wall. 
PLATE 49. 
FIG.  6.  Case  90.  Fewer  desquamated  cells  and  greater  reduction  in  the 
derived cells.  The Sertoli cells are quite definite as the second row, and the sper- 
matogonia next to the wall are moderately well preserved.  The basement mem- 
brane is slightly thickened and thrown into small folds. 
PLATE 50. 
FIG. 7.  Case 51.  Great edema of the interstitial tissue with collapse of tubule 
walls upon the decreased cellular mass.  Acute degeneration of all the cells in- 
cluding spermatogonia and Sertoli cells. 
FIG. 8.  Case 53.  Collapse of tubule walls and adjacent tissue upon a  tubule 
in a resting stage, similar to that in Fig. 1.  Edema of the interstitial tissue. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XXX.  PLATE 45. 
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